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Abstract 
Next generation wireless networks aim to meet the rising demands on cellular networks by supporting higher throughput data 
applications and efficient usage of the spectrum. In wireless communications, radio spectrum is becoming a limited resource 
since it is shared by all nodes in the range of its transmitters. Orthogonal frequency division multiple access (OFDMA) technique 
is the chosen channel accessing in next generation wireless cellular networks for attaining high spectrum efficiency and to reduce 
frequency-selective fading. Compared to present generation wireless networks, there is a denser cellular deployment in next 
generation wireless networks. In the multi-cell scenario, Inter Cell Interference (ICI) has become a major issue of concern since it 
leads to performance degradation. This paper presents a radio resource management (RRM) scheme which includes resource 
allocation involving ICI reduction, power control based on optimal power allocation solutions which emphasize energy 
consumption and scheduling which enhances cell edge user’s performance in future wireless networks. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Amrita School of Engineering, Amrita Vishwa Vidyapeetham University. 
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1. Introduction 
Wireless systems comprise of wireless wide-area networks (WWAN), wireless local area networks (WLAN) and 
wireless personal area networks (WPAN).A cellular network or mobile network which is a category of WWAN, is 
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station (BS). Major aspects to the rapid growth in wireless communications, is due to the large expansion in cellular 
systems. The wireless industry is on a path that promises some great innovation in the future. 1G, 2G, 3G, 4G, and 
by the year 2020 5G, refers to the various generations of mobile phone communication technology standards. 
In wireless communications, radio spectrum is becoming a limited resource since it is shared by all nodes in the 
range of its transmitters. Though frequency reuse strategies exist to solve this problem, in future generation of 
cellular networks there is a denser deployment of cellular users. So the  need arises  to accommodate a large number 
of users within a limited frequency spectrum which leads to interference among users by frequency band 
overlapping, within a cell referred to as intra-cell interference and among adjacent cell users referred to as inter-cell 
interference (ICI). ICI is reflected as a main issue in cellular systems since it can lead to severe performance 
degradation for users at the cell edge which will affect the entire system performance. In 2G and 3G networks, by 
choosing a high reuse factor among adjacent cells, interference problem is solved to a certain limit [1]. But in future 
cellular systems like 4G, these methods may not work due to the shortage of radio resources [2]. The leading 
framework for 4G systems is the Long Term Evolution (LTE) defined by the 3rd Generation Partnership Project 
(3GPP) [3]. The aim of LTE is to attain the frequency reuse one or near to one by letting each cell to access the 
whole frequency band assigned to the system [4] instead of using a partial frequency reuse pattern [5]. In LTE, the 
orthogonal frequency division multiple access (OFMDA) is used as the channel accessing technique, due to its 
promising features such as effectiveness and flexibility in radio resource allocation, which increases the effort of ICI 
avoidance [6]. Therefore, the need arises for a careful planning of coverage and signal levels for the best and worst 
cases for serving cells as well as adjacent cells from both a coverage and interference stand point. In LTE networks, 
mitigating ICI and thereby improving network throughput, soft frequency reuse (SFR) is regarded as an effective 
frequency planning strategy [7]. The traffic loads in each cell can be asymmetric and time varying. So resource 
allocation for cellular users in a real time scenario having varying time and different cell load conditions is 
performed with the help of a graph approach which is translated to a graph coloring problem[8]. For achieving high 
data rate multi-media services, availability of interference reduced orthogonal channels and selecting suitable power 
for transmission are the two major concerns. To design an anti-fading transmission scheme for cellular users, along 
with an optimal resource allocation scheme, the energy factor for transmission should also be taken into account. 
Significant research on improving network throughput with the help of power control is proposed in [9,10,11].In 
order to maximize network capacity and to incorporate a larger number of cellular connections while maintaining the 
quality of ongoing cellular connections, next generation wireless systems needs efficient radio resource management 
(RRM) schemes which will include resource allocation, power control and scheduling schemes. In [12] a RRM 
scheme which emphasize interference reduction in a multi-cell scenario and which focuses on using power allocation 
to optimize the performance of cell-edge users without affecting the performance of cell-center users are proposed. 
In [13], a centralized downlink packet scheduling scheme which could satisfy the conflicting requirements of mobile 
users (fairness, throughput etc.) and service providers (revenues) is proposed. A scheduling scheme for an 
uncoordinated LTE-A system which works on the basis of the user report of a recommended rank for interfering 
cells is proposed in [14] which could improve edge user performance and thereby network performance. 
In this work, we develop an efficient RRM scheme for next generation wireless networks, which can improve the 
edge user’s performance and thereby improve network performance in terms of throughput by unifying the radio 
resource and power allocation concepts which is proposed in [12] and enhance it with the rank scheduling concepts 
as proposed in [14]. 
2. System Model and Description 
2.1. System Model 
In this paper, a multi-cell OFDMA based downlink is considered as presented in [12]. A seven cell hexagonal 
layout, where a BS equipped with omni-directional antenna, represented as ‘ ’ is placed at the center of each cell in 
order to serve randomly distributed mobile users represented as ‘ ’ within each cell and the reference cell is 
presented with a thick border as shown in Fig 2.(a). Out of seven cells, any cell can be chosen as the reference cell 
and its performance can be analyzed.  Here in ourpaper, the center cell is considered as the reference cell and it 
suffers from maximum inter-cell interference in the considered network since it is surrounded by neighboring six 
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cells. Except the center cell, each cell in the seven cell hexagonal layout is only partially surrounded by neighboring 
cells and so they suffer from less ICI compared to the reference cell. 
3. Proposed Radio Resource Management Scheme 
The RRM scheme combining resource allocation, power allocation and rank scheduling is represented with the 
help of a block diagram as shown in Fig. 1. The radio resource allocation and power allocation are performed as in 
[12].After power allocation,a further reduction of intra-cell interference is done by a scheduling scheme based on 
rank coordination so that a performance enhancement for edge users in the network can be achieved. The 















Fig. 1. Block Diagram for the Proposed RRM Scheme 
3.1. Inter-cell Interference Coordination  
In the system model (seven cell hexagonal layout), users are generated randomly and users in each cell are 
classified as center and edge users based on their present geographical location and Euclidian distance to their 
serving BS. The mobile users report their current geographical location to BS via the uplink control channels. The 
boundary which separates the center and edge users is a design parameter which can be adjusted.To any cell, 
effective ICI will be from its adjacent cells. To any edge user major ICI comes from its closest adjacent cell and any 
edge user suffer from intra-cell interference from its own edge as well as center users. So, while generating the 
interference graph, all the users within a cell are mutually connected and for a particular edge user there is a 
pairwise connection with its dominant adjacent cell edge users.The aim of interference graph generation is to avoid 
simultaneous transmission on same physical resource block (PRB) for users who are connected by edges and 
thereby reducing both intra and major ICI.Interference graph generation for users in the reference cell is shown in 
Fig. 3.If the entire network interference connection is represented in the form of an adjacency matrix, the diagonal 
elements represent the intra-cell interference connections and the elements above or below the diagonal elements 
represent the inter-cell interference connections. The interference graph for the entire network and adjacency matrix 
indicating interference connections, represented using a sparse plot as shown in Fig. 4. 
3.2. Resource allocation 
For OFDMA systems, the frequency resource is divided into sub-carriers, the time resource is divided into time 
slots and the traffic bearer which is used to transport data is termed as physical resource block (PRB).A PRB 
consists of twelve consecutive sub-carriers in frequency domain and in time domain it is of one slot duration (0.5 
msec).The PRB allocation for a network can be performed, given the network interference graph and it is based on a 
heuristic algorithm called greedy PRB allocation algorithm based on the weighted signal to noise ratio (SNR) which 
is described in [12].The PRB allocation plot for the network is shown in Fig. 5.(a). 
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3.3. Power allocation 
After PRB allocation, power allocation is done for the system considered in this paper. Power allocation is an 
important concern in mobile communication since the recent surveys on energy consumption of cellular networks 
indicate that around 80 percent of the energy required for the operation of a cellular network is consumed at the BS 
sites. To improve user’s network data rate or throughput we have adopted optimal solutions for power allocation 
from [12].In each cell power allocation is done individually and it is performed by the BSs in a distributed manner. 
It is assumed that all BSs are allotted the same maximum transmission power of 43 dBm and it is independently 
allocated on each active PRB which is assigned to users in the network. The power allocation for cell-center and 
edge users is shown in Fig. 5. (b). 
3.4. Rank Scheduling 
Once the power allocation is done, the radio resource is made available to the cell users based on a scheduling 
scheme. Like power allocation, scheduling is also performed for individual cells. It is based on the user report of a 
recommended rank which helps to reduce intra-cell interference and improve the performance of edge users within 
each cell, maintaining the performance of center users. The rank scheduling concept studied in prior literature [14] 
performs rank assignment and user scheduling for the entire network. In addition to resource and power allocation 
approach, this work, tries to enhance interference mitigation through rank scheduling. The aim of the scheduling 
scheme is to improve the edge user performance by synchronizing the center and edge users within each cell and 
thereby improving the entire network edge user performance. 
Practical systems rely on rank indicator (RI). The serving BS periodically broadcasts the pattern of transmission 
ranks(rank one(R1) or rank two(R2)).e.g.R1 R1R1 R2 .The center users are assigned R1 and edge users are assigned 
R2.Each user regularly informs the serving BS its rank, by sending a report in the uplink to the base station. The 
base station then selects an appropriate user according to the adopted scheduling discipline. i.e. If a user reports the 
same rank as that of BS’s scheduling pattern, then the BS schedule that particular user for transmission. The center 
and edge users will be scheduled in different time slots and hence center user transmission can be avoided while 
edge user transmission and edge users can thereby attain better performance. 
4. Performance Evaluation 
The performance evaluation of the network is done using signal-to-interference noise ratio (SINR). The 
instantaneous SINR for user using PRB  in cell  is denoted by  and is expressed as:  
 
 
      
  (1) 
 
where *j  represents the neighboring cell in which user *m  is allocated with the PRB )1( **  j nman , jmnr denotes 
rank allocation indicator ( If a user is scheduled for transmission, the rank allocation indicator is assigned the value 
1, otherwise 0), jmna denotes the resource allocation indicator, jmnp denotes power allocation indicator, )( mjng o  and  
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The data rate denoted by jmR achieved by user m  of cell j  can be calculated by Shannon’s formula and 
expressed as: 
 
                                                                                                               
     (2) 
     
     where B is the bandwidth of a PRB [12]. 
4.1. Simulation setup  
The LTE standard proposed by the 3rd Generation Partnership Project (3GPP) is taken into consideration for the 
simulation setup. To reduce computational complexity a seven-cell hexagonal layout in which the center cell is 
surrounded by six adjacent cells is considered as the system model. Among all the cells any cell can be chosen for 
performance evaluation. In the system model the base stations BS1, BS2, BS3, BS4, BS5, BS6 and BS7are placed at 
the center of each of the seven cells respectively and the seven cells are arranged in an anticlockwise pattern as 
shown in Fig.2. (a). For easy computation an assumption is made in such a way that all cells are having the same 
number of randomly moving users and users present at outer one third of the total cell area is considered as the edge 
users. The number of users is randomly chosen as 10 users in each cell for system model generation, interference 
graph generation, PRB allocation, power allocation and rank scheduling. It is considered that all available PRBs are 
used in each cell and there is maximum interference.  
Table 1 Implementation Parameters 
Parameter Value 
Number of Cells 7 
Cell radius 1000 m 
Bandwidth 5 MHz 
Carrier frequency 2GHz 
Cell edge area ratio 1/3 of the total cell area 
Total number of PRBs 24 
Frequency spacing of a PRB 180kHz 
Total transmission power per cell 43dBm 
LOS path loss model 103.4 + 24.2 log10(d), d in km 
NLOS path loss model 131.1 + 42.8 log10(d), d in km 
Shadowing standard deviation 8dB 
Channel model Rayleigh multipath model 
Thermal noise -174 dBm/Hz 
 
Performance evaluation in terms of data rate is carried out for the entire network and for individual cells by 
varying user densities (10 to 30 users in steps of two) and thereby used to infer the effect of the proposed RRM 
scheme. The normalised value of the cell radius is taken while simulation. The other simulation parameters are 
shown in Table 1. 
5. Result Analysis 
System model was simulated in MATLAB (R2012b) simulator. Simulation result shows a seven-cell hexagonal 
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colours. The reference cell marked with a thick border and BSs placed at the center of each cell with 10 random 
users in each cell is also shown in Fig.2.(a). Here the center cell is chosen as the reference cell since the effect of ICI 
will be maximum for the center cell. The circle represented using dotted lines denotes the center zone area. The 
center zone radius is used as a threshold to classify mobile users as center and edge users.One third of the entire cell 
area is considered as the threshold value. System model was also generated for the random movement of users 
within the network. The model thus obtained is shown in Fig. 2.(b).  
















                    (b) 
Fig. 2. (a)Seven-Cell Hexagonal Layout; (b) Random Movement of Users 
Each simulation indicated a change in the number of center and edge users due to a change in the position of the 
users with respect to the BS. The effect of interference on the edge users of each cell was studied from the system 
model.Interference graph generation for users in the reference cell is shown in Fig. 3. It was found that an edge user 
suffer from intra-cell interference from its own center and other edge users, represented using red lines and inter-cell 
interference from adjacent cell edge users, indicated by their respective cell color.The interference graph for the 
entire network is shown in Fig. 4. (a). Sparse plot shown in Fig. 4. (b) is used to represent the adjacency matrix 
pattern which gives the entire network interference connections.The PRB allocation for the simulated system model 
performed based on the network interference graph is shown in Fig. 5. (a).The power allocation based on PRB 
allocation solution, for cell-center and edge users was performed and a 3-D view of the result was plotted.  
 


























Fig. 5.(a) PRB Allocation Plot; (b)Power Allocation Plot 
















    
                                                      
                                                               Fig. 6. (a) Comparison of Network Performance of Users with and without Rank Scheduling 
The result indicates a greater power allocation for edge users than the center users. From the 3-D plot shown in 
Fig. 5. (b), the surf is mapped to the edge users and the mesh to the center users. Rank scheduling was performed to 
schedule the time slots used for center and edge user transmissions. The performance was then evaluated with 
respect to data rate (summation of data rates) of cell-center and cell-edge users of the seven-cell network, by varying 
the number of users (10 to 32 users) per cell respectively. The center users are given a weightage of 1. 
6. Conclusion 
In this paper, a RRM scheme which include resource allocation involving ICI reduction, power control based on 
optimal power allocation solutions which emphasize energy consumption and scheduling which enhances cell edge 
user’s performance in future wireless networks is proposed. Radio resource allocation involves ICI mitigation with 
the help of interference graph generation and PRB allocation based on it. Once the PRB allocation is done, power 
allocation is performed and then a scheduling scheme for synchronizing the users in each cell is performed. Then 
performance evaluation is done in terms of data rate or throughput. Simulation results show that the proposed RRM 
scheme yield a desirable and balanced performance between cell-edge users and cell-center users irrespective of the 


















                                                Fig. 6(b) Comparison of Reference Cell Perforance of Users with and without Rank Scheduling 
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